Placement of bridge piers along rivers creates a complex 3D flow pattern which disrupts normal river flow and the resulted turbulence erodes alluvial sediments around the pier. In this research, SSIIM model has been used to simulate flow and scour patterns when no pier, one pier, and triple piers are placed at a 180 degrees bend and the results are compared with those of experiments. The piers are vertical. The simulated channel was 1 m wide with a U-turn having the relative curvature radius of 2 carrying a volumetric flow of 70 l/s the flow depth at the beginning of the bend is 18 cm. Results showed that SSIIM is well capable of simulating bed form changes and flow patterns such that at the bend with triple piers error in maximum scour and sedimentation was only 4%, in maximum transverse velocity 12%, in maximum longitudinal velocity 13%, and in maximum vertical velocity 19%. In general, SSIIM model satisfactorily 2 simulates the location and value of local scour arising from single and series piers in numerical simulation of the flow and scour. In flow pattern simulation, the errors and differences are greater under moving bed conditions than a rigid bed.
Introduction
Flow pattern around bridge piers is very complex, and this complexity intensifies as a scour hole around the pier forms. Complex horseshoe vortices form around the pier, whose formation creates a pit around the piers, called scour hole. Development of this hole around the piers would erode sediments under the pier foundation and finally cause bridge destruction. Two main factors in creation of such vortices are 1) flow colliding the pier, and 2) separation of streamlines from the pier. Flow pattern which forms around a bridge pier is directly or indirectly attributed to one of these two factors. Flow collision to the pier forms the horseshoe vortex and separation of streamlines from the pier creates vortices called wake vortices [1] . We may do a limited literature review here. Nazariha investigated scour around groups of 2-, 3-, 4-, and 6-piers placed in a flow regime [2] . Blanckaert and Graf studied flow pattern in a mild 120 degrees bend in a channel [3] . Wildhagen studied sediment transport in channels with sharp bends by using SSIIM numerical model. He concluded that capability of SSIIM model has led to its increasing employment in hydraulics engineering, and is used as a model appropriate for studying and designing sediment and flow pattern [4] . Graf and Istiarto investigated flow pattern around a scour hole at a cylindrical bridge pier placed in a rectangular straight channel [5] . Masjedi et al., studied scour around a rectangular bridge pier at different angles of a 180 degree bend. As 3 suggested by the results of their study, when the bridge piers are located at the 60 degree angle from the beginning of the bend, the maximum local scour occurs around the pier [6] . Ghobadian and Mohammadi used SSIIM model to predict flow fields in non-uniform (converging and diverging) river meanders [7] . Sabita and maiti did some research on local scour around a single cylindrical pier placed in an open channel [8] . Zulhilmi et al., analyzed local scour around a single and a double pier placed in a straight channel [9] . Abdallah Mohamed et al., utilized numerical and experimental studies to investigate different effects of bridge abutment radius on local scour depth and used 3D SSIIM model to simulate scour at the bridge abutment [10] . Akib et al., simulated the extent of scour as well as the maximum scour depth around bridge piers existing in nature by using SSIIM2 [11] . Najafzadeh and Barani conducted an experimental study on the effect of different types of cohesive soil on the scour around a single, vertical pier located in a straight channel [12] . Ehteram and Mahdavi used SSIIM2 model and simulated flow and sedimentation at a bridge narrowing reach three dimensionally [13] . Ismael et al., studied the effect of the shape of the pier on scour in a straight laboratory channel. They also employed ADV velocimeter for collecting the flow pattern [14] . Tabarestani et al., experimentally analyzed the effect of different sizes of riprap on the scour around rectangular bridge piers in the presence or absence of a collar [15] . Azizi et al., conducted a numerical study of flow pattern around bridge piers in the presence of submerged vanes by using Fluent software program [16] . Fael et al., examined the effect of the shape and angle of the pier on a single pier scour depth in a straight path. 5 types of piers were tested through these experiments. The result of this study is that the value of the pier shape coefficient may be assumed 1 for rectangular piers with round corners and 1/2 for those with sharp corners [17] . Vaghefi et al., investigated local scour formation due to a single cylindrical but slanted pier. They conducted their experiments for a vertical and a slanted 4 pier placed in a clear water flow field carrying four different flow regimes [18] . Vaghefi et al., also studied scour around cylindrical bridge piers with two different diameters and slanting angles toward downstream when clear water flows with different discharges [19] . Wang et al., studied scour around a group of triple piers in a straight channel [20] . Akbari and Vaghefi have examined the flow pattern in a 180 degree sharp bend. The study concluded that after the beginning of the bend towards the end of it, the secondary flow power and the size of the created vortices increase [21] . Hamidi and Siadatmousavi employed SSIIM numerical model in order to conduct a numerical simulation of the flow pattern and scour around bridge piers. As suggested by the results of their study, despite SSIIM numerical model's success in estimating the scour hole at the foot of the adjacent piers, it overestimated the scour depth between the piers [22] . Karimi et al., carried out an experimental investigation of the effect of the bridge pier's inclination angle on the process of scour in a straight channel [23] . Khaple et al., experimentally studied the position of grouped circular piers in a straight path under clear water conditions. The results referred to the fact that installation of two piers in a row at a distance of approximately 8 times the pier diameter from each other has reduced scour at the pier downstream [24] . Vaghefi et al., studied scour around a triple cylindrical pier series in two positions, perpendicular to the flow and with stream wise direction, under clear water conditions in a laboratory flume with a 180 degree sharp bend. The results of their study demonstrated that the maximum scour depth occurred in the case of installing the piers perpendicular to the flow at the 90 degree position [25] . This paper has examined the precision and the error value of SSIIM numerical model in modeling single and series bridge piers located in a 180 degree bend with the aim of demonstrating the extent of capability of this numerical model.
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The Numerical Model
Sediment Simulation In Intakes with Multi-block option (SSIIM) model is a three dimensional model for flow of water and sediment whose first version was introduced at 1993 by Olsen from the school of hydraulic and environmental engineering at Norwegian University of Science and Technology [26] . This model is based on three dimensional computational fluid dynamics which solves Navier-Stokes equation typically with the standard K-ԑ turbulence model using finite volume method. Of course, the model enables users to choose other turbulence models, as well.
The model is usually utilized for river engineering, environmental engineering, hydraulics, and sediment transport applications. Later, its utilization was extended to other hydraulic applications such as modelling weirs, head loss in tunnels, correlating discharge and depth in rivers, etc. The main advantage of SSIIM model over other computational fluid dynamic programs is its ability to model sediment transport in a live bed at complicated geometries [27] .
In this software, water flow calculations are the Navier -Stokes equations that in order to solve them, is used the k -ε turbulence model by default. The Navier -Stokes equations are following equations for incompressible fluid in vector mode.
(1)
At above equation the first term on left is the time changes and the next term is displacement.
The first term on the right is the pressure and the next is Reynolds stress. In order to assess the last term, a turbulence model is needed. In summary, we can know the equation of flow in   
That and are the parameter of velocity, ρ is the fluid density and P is the total pressure.
According to upper equations, you can write three momentum equation and one continuity equation which three are totally 10 unknown (velocity on three sides u, v, w and six parameter of Reynolds stress) in them which means that the number of unknowns are more than the number of equations and in order to solve them you should use turbulence equation [27] .
Verification of the numerical model with a similar experimental model
The channel used in this study is located at hydraulic laboratory of Persian Gulf University at Bushehr which has a 180 degree bend. Experiments to simulate flow and scour pattern were Reynolds number is approximately 5000, and the ratio of flow velocity to flow critical velocity is about 0.98. In order to calibrate SSIIM model, a range of parameters used in the model was introduced to the software, and after numerous runs, the best parameters with the closest simulation between the numerical and experimental models were selected in the case with a bend empty of piers. Then these parameters were constantly used in other cases.
3.1.Modelling the laboratory channel
The first step before mathematical modelling is domain discretization to cells where governing differential equations for flow and sediment fields shall be solved at. The process is called computational domain meshing or discretization. The channel was simulated with different mesh sizes and configurations by introducing the initial data to Koordina file in SSIIM 1.0 (Table 1) .
Mesh sizes have decreased near bridge piers where higher gradients existed. In fact, 30 different mesh sizes and configurations were tried in numerical model design and used in verifications. As 8 the mesh size decreases program runtime increases, however, more accurate results are obtained.
At times, too small mesh sizes may create instability and cause divergence in the program execution. Scour occurs beyond the 8% of the width and up to 40% from the inner bank of the bend at a value of 0.7 percent of the channel width. Scour at the same location was only 0.35 percent of the channel width in the numerical model. Beyond 40% of the width, no significant bed variation is observed. As shown in Fig. 5-b , in the experimental model, sedimentation occurs at the inner bank of the bend at a value of 0.7 times the pier diameter at the 60 degree cross section. At 10 to 40 percent of the width from the inner bank, scour occurs at a value of the 1.5 percent of the channel width diameter, with the maximum scour occurring at 23% of the width from the inner bank. In the numerical model, scour at the same distance occurs at a value of 1.2 percent of the channel width. At 40 to 60 percent of the width from the inner bank scour depth decreases and 10 continues across the width with a little variation. As shown in Fig. 5 -c, at the 90 degree cross section bed pattern is very similar to other cross sections in that sedimentation is observed at the inner bank of the bend. In the experimental model, maximum scour depth occurred at 24% of the width from the inner bank while this was at 30% of the width in the numerical model. From the maximum scour location to the 60% of the width from the inner bank scour decreased and had a little variation beyond that to the outer bank. At the 120 degree cross section (Fig. 5-d ) both models resulted in maximum sedimentation at the inner bank of the bend. Moving towards the mid channel, scour initiates and maximizes at 44% of the width from the inner bank of the bend.
As one moves towards the outer bank, however, scour decreases and zeroes at the outer bank of the bend. Bed topography data for the numerical and experimental models are compared in Figure 11 where the bisector line shows a good agreement between the two with errors of less than 10%. In Figure 12 typical bed forms are shown for four different cross sections. At 60 degree cross section for both models, sedimentation is observed at the inner bank of bend and it switches to scour as one moves to the mid channel toward the outer bank. From the mid channel outward, no significant bed variation is observed in either model. Maximum scour in both numerical and experimental models are observed at the bridge pier due to increased longitudinal velocities and formation of strong secondary flow there (Fig 12-c) . Furthermore, downstream the pier a 13 sedimentation mound forms in both models due to reduced velocities there and sediment transport downstream from the scour hole ( Fig. 12-d ). In Figure 18 , 3D components of the velocity data for the numerical versus experimental models are compared against one another and the bisector line shows a good approximation between the two with errors of mainly between 10 to 20%. The discrepancy in the data is mainly due to the difficulties in 3D velocity component measurements in the experimental model near side walls (both at the inner and out banks) and bridge piers. The difference observed in numerical and experimental velocity data is due to the method of data collection, employment of velocimeter near the point of data collection, and using the asynchronous average velocity in the laboratory. 
